Transmission and/or scanning electron microscopic features of leukemic cells from seven dogs with myelomonocytic leukemia, four dogs with monocytic leukemia, and three dogs with lymphocytic leukemia were studied. Few ultrastructural features distinguished normal cells from leukemic cells. Nuclear to cytoplasmic asynchrony, abnormal cytoplasmic granules, nuclear pockets, and cytoplasmic fibrillar bundles were seen more frequently in leukemic cells. Small ridges or ruffles and a few microvilli were surface characteristics of cells from dogs with myelomonocytic leukemia. An occasional cell had large undulating ruffles. Cells from dogs with monocytic leukemia and lymphocytic leukemia usually had smoother surfaces.
Transmission a n d scanning electron microscopy are valuable research a n d diagnostic techniques for the characterization of human leukemias3. I3.*O Electron microscopy is most useful in differentiating leukemias termed acute undifferentiated leukemias by light microscopic m o r p h o l~g y .~~ Identification and classification of leukemias are important because different leukemias may respond differently to the various chemotherapeutic agents.
The purpose of this study was to characterize transmission a n d scanning ultrastructural features of neoplastic cells from dogs with spontaneously occurring leukemia.
Materials and Methods
Blood and/or bone marrow for transmission and scanning electron microscopy studies were collected from a total of 14 leukemic dogs presented to the University of Minnesota Veterinary Teaching Hospital between January, 1980 and June, 1983 (table I).4 Samples for ultrastructural studies also were collected from five clinically healthy, adult dogs. Light microscopic examination of blood and bone marrow was used to make the initial diagnosis of leukemia. Light microscopic morphology and leukocyte alakaline phosphatase, alpha naphthyl acetate esterase (nonspecific esterase), alpha naph-thy1 acetate esterase with fluoride inhibition, and peroxidase cytochemical stains were used to classify the leukemias. The French-American-British classification of human leukemia was used as a guideline.' Leukemic cells of monocytic origin in dogs 1 through 1 1 had nonspecific esterase activity which was inhibited by fluoride. Additionally, leukemic cells from dogs 1, 2, 3, and 6 had leukocyte alkaline phosphatase activity and leukemic cells from dogs 4, 5 , and 7 had peroxidase activity that indicated myeloid differentiati~n.~. l5 Leukemic cells from dogs 12, 13, and 14 did not react with cytochemical stains. Myelomonocytic leukemia was diagnosed in seven dogs (dogs 1-7), and monocytic leukemia was daignosed in four dogs (dogs Lymphocytic leukemia, peripheralization of lymphosarcoma (lymphosarcoma cell leukemia) and chronic lymphocytic leukemia were diagnosed in dogs 12, 13, and 14, respectively.
Transmission electron microscopic specimens were prepared by harvesting 4% phosphate buffered glutaraldehydefixed buffy coats from Wintrobe tubes (American Dade, Miami, Fla.), sectioning the buffy coats into small pieces, post-fixing with phosphate buffered 1 % osmium tetroxide, dehydrating in graded alcohol, and embedding in epon-araldite. Thin sections were cut with a diamond knife on an ultramicrotome, placed on a mesh grid, stained with uranyl acetate and lead citrate, and examined with a transmission electron microscope.
Scanning electron microscopic specimens were prepared by centrifuging heparinized or ethylenediamine-tetraacetic acid blood and/or bone marrow samples at 1000 rpm for eight to ten minutes, aspirating the buffy coat, and washing the cells twice in phosphate buffered saline solution. The cell pellet was resuspended in 2% phosphate buffered glutaraldehyde. Additionally, the pellet in three dogs was resuspended in phosphate buffered saline solution and collected on a 0.8 Fm silver membrane using a membrane filter apparatus prior to fixation in glutaraldehyde. After fixation, samples were washed twice in phosphate buffered saline solution, post-fixed in 1 % phosphate buffered osmium tetroxide for 30 minutes, washed three times in distilled water and dehydrated in graded ethanol. Cells in suspension were collected on silver membranes, then critical point dried in carbon dioxide in a critical point drying apparatus. The silver membranes were mounted onto labeled stubs using double-sided sticky silver tape. Specimens were coated with gold-palladium and stored under vacuum until examined with a scanning electron microscope.
Results
Ultrastructurally, the cells from clinically healthy control dogs were similar to previous reports. 15, '7-22 Immature hemic cells (blast cells) were typified by large cells with high nuclear to cytoplasmic ratios, round nuclei, finely dispersed chromatin, prominent nucleoli, and relatively few but variable numbers of cytoplasmic organelles such as mitochondria, ribosomes, polynbosomes, Golgi complex and endoplasmic reticulum. Maturation was associated with condensation and margination of nuclear chromatin, disappearance of the nucleoli, and decreased nuclear to cytoplasmic ratios. Progressive nuclear indentation and segmentation, and the appearance of cytoplasmic granules and glycogen aggregates were observed in myeloid cells. Erythroid cells had cytoplasmic ferritin aggregates and increased cytoplasmic density that corresponded to hemoglobin synthesis. The ultrastructural characteristics of leukemia cells were as follows.
Myelomonocytic leukemia
Transmission electron microscopic studies were done on cells from seven myelomonocytic leukemia dogs (dogs 1-7): Cells were usually round, but had several irregular surface projections or microvilli. Nuclei were large and varied from oval to irregular to lobulated in shape; the latter two types were more common ( fig. 1 ). The chromatin was finely granular. A narrow rim of condensed chromatin accentuated the nuclear outline.
No nucleolus was observed in many cells. The cytoplasm was relatively abundant with a moderate number of mitochondria (some were large), ribosomes, and polynbosomes ( fig. 2 ). Long cisternae of endoplasmic reticulum were seen in some cells (most of the cells from dog 3). A few small to medium-sized, dense granules were found in most cells. Lipid droplets, myelin figures, and pinocytotic vesicles were less common findings. Electron microscopically, the only megakaryocyte seen from the bone marrow of dog 5 lacked normal platelet granulation ( fig. 3) . Platelets from the peripheral blood did not appear abnormal by light microscopy, but the dog was thrombocytopenic.
Cells from blood and bone marrow samples were similar. However, cells in the blood were more heterogeneous and pleomorphic. Also, dilated endoplasmic reticulum were seen in leukemic cells from blood of dogs 4 and 7.
Scanning electron microscopic studies from leukemic cells from these dogs revealed round to oval cells which had small ruflles or ridges and microvilli ( fig. 4) and an occasional or rare microvilli. The cells were about 6 to 10 pm in diameter. 
Monocytic leukemia
Leukemic cells from four monocytic leukemia dogs (dogs 8-1 1) were examined by transmission electron microscopy. These cells were large and round with a smooth, cytoplasmic membrane or only a few short microvilli ( fig. 6 ). The nuclei were round to irregular in shape. Occasional lobulated or indenting nuclei were found, especially in dogs 9 and 11 ( fig. 7 ). Dog 9 also had more surface microvilli. The nuclear membrane was outlined by a narrow line of condensed chromatin. Small to medium-sized clumps of chromatin were scattered in the nucleoplasm. When observed, the nucleolus often was located adjacent to the nuclear membrane. Cytoplasm varied from scant to moderate in amount and contained ribosomes, polyribosomes, rare to moderate numbers of mitochondria, a few small to mediumsized dense granules, some endoplasmic reticulum, and a rare vesicle or lipid droplet. Some leukemic cells from dog 8 had microfibrils adjacent to the nucleus. Myelin figures also were seen occasionally. Cells from blood and bone marrow were similar (dogs 8 and 10).
Leukemic cells from dogs 8 and 1 1 were examined by scanning electron microscopy. Most of these cells had a smooth surface although some cells had low ridges
Lymphocytic leukemia
Leukemic cells from two dogs with lymphocytic leukemia were examined by transmission electron microscopy. Cells from dog 14 with chronic lymphocytic leukemia were relatively small and had a uniform appearance. The nuclei were round with a moderate amount of condensed chromatin surrounding the nucleolus and adjacent to the nuclear membrane. Nuclear pockets were frequently present ( fig. 8 ). The narrow rim of cytoplasm contained few organelles other than ribosomes.
Leukemic cells from dog 13 had irregularly shaped nuclei, a narrow rim of marginated chromatin, a few scattered clumps of chromatin and a large slightly irregularly shaped prominent nucleolus. The cytoplasm was scant but usually contained a few large mitochondria. A few cells had endoplasmic reticulum and/or cytoplasmic vacuoles.
Leukemic cells from dog 12, which had lymphocytic leukemia, were studied with scanning electron microscopy. The cells had a relatively smooth surface and were about 7 pm in diameter. Some cells had low ridges or surface blebs.
Discussion
Ultrastructurally, canine leukemic cells were often indistinguishable from normal cells. However, similar to other studies, nuclear to cytoplasmic asynchrony, abnormal cytoplasmic granulation, nuclear pockets and cytoplasmic fibrillar bundles were seen more frequently in leukemic ~e l l s .~,~-'~, N uclear bodies which were not seen, have been reported in neoplastic cells from dogs with lymphoma. 2. l4 Definitive identification of some cells, especially blast cells, was difficult or impossible. Identification of adjacent differentiating leukemic cells or results of cytochemical staining were helpful in tentatively classifying some blast cells. Long strands of rough endoplasmic reticulum and the appearance of cytoplasmic granules were features of myeloid cells but monocytes and lymphocytes may also have cytoplasmic granules. The typical haloed cytoplasmic granule found in human patients with monocytic leukemia was infrequent in dogs with myelomonocytic and monocytic leukemia. Monocytes were difficult to distinguish from hypogranular neutrophilic cells. Subsurface vesicles, however, were myelomonocytic leukemia had more ridges and ruffles than leukemic cells from dogs with lymphocytic leukemia. Leukemic cells from the two dogs with monocytic leukemia often had smoother surfaces which were less distinguishable from lymphocytes. Scanning electron microscopic studies have been done on neoplastic cells from only six other dogs-five dogs with lymphoma and one dog with chronic lymphocytic leukemia.5.6 Scanning electron microscopy did not appear to be a useful indicator of B or T cell identification in these dogs.
Electron microscopy, especially, transmission electron microscopy is most valuable for the classification of traditionally undifferentiated leukemias (light microscopic and cytochemically) and in the investigation of 
